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[57) ABSTRACT

In sizing and drawing of one or more textile filaments,
particularly a warp sheet of multiple filaments, by suc-
cessively conveying the filaments through a sizing bath,
a driven squeezing mechanism, a differentially driven
spaced drying roller, and a warp beam or other filament
winding mechanism, the filaments are heated to a tem-
perature of approximately 100° C. and maintained in a
predetermined moistened condition, e.g., by the appli-
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METHOD AND APPARATUS FOR SIZING AND
DRAWING A TRAVELING TEXTILE FILAMENT

BACKGROUND OF THE INVENTION

The present invention relates generally to the sizing
and drawing of synthetic textile filaments and, in partic-
ular, to such methods and apparatus wherein the fila-
ment 1s conveyed successively through a sizing bath, a
driven filament squeezing mechanism or device, a
driven drying roller spaced downstream from the
squeezing mechanism to define a draw zone therebe-
tween and driven at a differential relative speed to the
squeezing mechanism for draw stretching of the fila-
ment while traveling through the draw zone, where the
filament will be simultaneously pre-dried, and a wind-
ing machine or device for final take-up of the drawn
filament.

West German Offenlegungsschnift DE-OS 36 02 968
A1 discloses a filament sizing and drawing system of the
aforedescribed type whose preferred embodiment is
adapted for simultaneous operation on a plurality of
textile filaments traveling in side-by-side relation to one
another in the form of a warp sheet. In the described
apparatus and method, draw stretching of the multiple
filaments i1s accomplished in the area between the
squeezing mechanism and the succeeding drying cylin-
der or roller wherein the filaments remain wetted with
sizing, which serves to assure a defined filament temper-
ature during stretching and further eliminates the need
for any additional machine units to accomplish drawing
of the filament sheet. Within the draw and pre-drying
zone, the individual filaments of the filament sheet ex-
hibit a defined temperature, namely, the essentially con-
stant dew point temperature which automatically devel-
ops in the pre-drying zone after the filaments leave the
sizing bath, generally in the range of approximately 60°
C. |

As 15 known, in order for the draw stretching to
which the filaments are subjected in the draw zone to be
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effective for increasing alignment and ordering of the

molecular and crystalline structure of the filaments, the
filaments being drawn must be at a temperature exceed-

ing the glass transition temperature for the particular 45

filamentary material Since polyamide filaments may be
effectively drawn at temperatures 1in the range of the
aforesaid dew point temperature typically prevailing in
the filaments as they pass through the squeezing mecha-
nism. the above-described known method and apparatus
has proven satisfactory for drawing of polyamide fila-
ments. However, on the other hand, this known method
and apparatus is generally ineffective for drawing of
other textile filaments, particularly partially oriented
and low oriented polyester filaments, commonly re-
ferred to as POY and LOY filaments, since polyester
filaments can only be effectively drawn at considerably
higher temperatures in the range, for example, of 80° to
100° C. Depending upon the particular filamentary
material, e.g., polyamide or polyester, and its initial
state, e.g., POY or LOY, filaments may be drawn to a
degree or ratio which may range, for example, between
1.3 and 3.2 times the starting length of the filament.
Thus, it will be understood that such drawing of syn-
thetic filaments involves a relatively significant perma-
nent lengthening of the filament while at a temperature
elevated above the filament’s glass transition tempera-
ture, as opposed to a temporary, essentially elastic elon-
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gation of filaments occurring below the applicable tran-
sition temperature.

Within the framework of the method and apparatus
disclosed in the aforesaid West German Offenlegungss-
chrift DE-0S 36 02 968 A1l, it would be impractical and
counterproductive to elevate the filament temperature
In the area of the squeezing mechanism sufficiently to
accommodate drawing of POY and LOY-type polyes-
ter yarns because the elevated temperature and the
correspondingly lengthened processing time to which

‘the filaments would be subjected to heating would

cause the sizing to prematurely dry on the filaments and
prevent the sizing from elongating to the same degree as
the filaments, thereby causing a tendency of the dried
sizing to crack. Moreover, since the known method and
apparatus relies largely upon the essentially constant
dew point temperature which naturally occurs in the
filaments upon leaving the squeezing mechanism, this
known method and apparatus would suggest that addi-
tional heating of the filaments should be avoided.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the present invention to
provide an improvement in known methods and appara-
tus of the aforedescribed type for sizing and drawing
textile filaments which will achieve a temperature suffi-
cient for the drawing of POY and LOY filaments, par-
ticularly polyester filaments and the like, while avoid-
Ing premature drying and resultant undesired cracking
of the sizing applied to the filaments.

According to-the present invention, this objective is
achieved in sizing and drawing methods and apparatus
of the type involving successive filament traveling
through a sizing bath, a driven filament squeezing
mechanism, a differentially driven drying roller spaced
downstream from the squeezing mechanism to define a
draw zone therebetween, and a winding mechanism, by
maintaimning the filament or filaments being processed in
a predetermined moistened condition and at a predeter-
mined temperature in the range of approximately 100°
while traveling within the draw zone. For this purpose,
the apparatus and method of the present invention is
characterized by the provision of a suitable means for
wetting or otherwise moistening the filaments within
the draw zone following the squeezing mechanism. It
has been discovered that, if the filaments are maintained
sufficiently moistened, particularly within an initial
portion of the draw zone which traditionally serves a
predrying function, it is possible to heat the filaments to
a sufficient temperature enabling drawing of synthetic
filaments, such as polyester filaments, which typically
are difficult to draw, without premature and disadvan-
tageous drying of sizing on the filaments. In effect, the
initiation of the filament drying process is thereby de-
layed according to the present invention. However, the
overall length or extent of the drying region of the
sizing and drawing system need not be increased be-
cause the more elevated filament temperature enables
the filaments to dry more quickly after leaving the draw
Zone.

Thus, in accordance with the present invention, the
freshly sized filament or filaments are maintained at or
heated to approximately 100° C., preferably in the range
of between approximately 90° C. and approximately
100° C., without any appreciable attendant drying of the
filament or filaments until after passing through the
entire draw zone and having been completely drawn to
the desired degree. In some cases, heating of the fila-
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ments by means of the sizing bath may suffice for
achieving the desired heating of the filaments if the
desired temperature 1s maintained without drying of the
filaments over the entire draw zone. However, it is also
contemplated that additional heating of the filaments
may be provided, preferably in the area of the squeezing
mechanism or immediately thereafter in the draw zone.
In either case, care must taken to avoid undesirable
drying of the yarn, particularly on its surface, while
traveling through the draw zone.

In embodiments of the invention wherein additional
heating of the filaments is provided, high frequency
heat energy may be applied to the filaments to develop
heat within the filament body or, alternatively, heat
may be applied exteriorly to the traveling filaments by
contact, convection, or radiant heating means.

In embodiments employing exterior application of
heat to the filaments and embodiments utilizing and
maintaining the heat applied to the filaments within the
sizing bath, the filaments are preferably maintained in a
desired moistened condition by means of saturating the
ambient air in the draw zone with water vapor. It is also
contemplated within the scope of the present invention
that supersaturated air may occupy the draw zone.
Thus, the particular adjustment of the degree of ambi-
ent air saturation in the draw zone 1s not critical under
the invention. The saturation of the draw zone air with
water vapor enables the filaments to still be heated
within the draw zone not only to the level of the dew
point temperature of approximately 60° C. but to more
elevated temperatures in the range of approximately 90°
to 100° C. for filament drawing at the full transport
speed of the sizing system, while at the same time pre-
venting the sizing applied to the filaments from being
prematurely dned and becoming damaged by the draw-
ing operation.

In embodiments wherein the filaments are to be
heated with high frequency heat energy, it is desirable
that the moisture content of the ambient air in the draw
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zone be only sufficient to prevent the generation of 40

electrical sparking or flashing. However, since the body
of the filaments 1s heated essentially intenorly, little risk
exists of premature drying of the sizing on the filaments,
so that the sizing will generally tend to remain moist for
a sufficient period of time to accommodate normal
drawing without the presence of water vapor saturated

45

air. Preferably, the heating speed should considerably

exceed the drying speed since, as will be understood,
the heating time naturally affects the retention of mois-
ture by the sizing.

In sum, the present invention thus makes possible the
achievement of relatively higher temperatures and rela-
tively shorter dwell times in the treatment zones of a
textile sizing and drawing apparatus and method, in-
cluding the application of additional heat to the fila-
ments if necessary, without premature drying of the
sizing on the filaments, by means of maintaining a pre-
determined moisture content in the filaments, by means
of the application of saturated water vapor laden air if
necessary.

In the preferred embodiment of the present apparatus
and method, a plurality of filaments in side-by-side rela-
tion in the form of a warp sheet are simultaneously sized
and drawn. Initially, the multiple filaments are drawn in
sheet form from a creel or a warp beam and the full
width of the filament sheet is passed through a trough
containing a sizing bath, which is effective to elevate
the filaments to a temperature in the range of approxi-
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mately 70° to 95° C. Upon removal from the sizing bath,
the filament sheet is delivered to a squeezing mecha-
nism, preferably in the form of a pair of driven nip rolls
which serve a predrying function to extract by squeez-
ing a portion of the size taken by the filaments in the
sizing bath, thereby leaving the filaments in a predeter-
mined wetted condition. The filaments travel from the
squeezing roliers a predetermined distance comprising -
the draw zone to a downstream drying roller, such as a
cylinder dryer, driven at a greater surface speed than
the squeezing rollers to apply a stretch drawing to the
filaments within the draw zone. The drying roller
serves to finally dry the sizing on the thusly elongated
filaments. Next, the filaments are directed to a warp
beam for winding thereon in side-by-side relation. In
typical embodiments, the drying roller may apply a
temperature in the range of approximately 130° C. to
approximately 160° C. to the filament and, at the same
time, the tension in the filaments may be relieved to
permit them to relax.

When the filament temperature achieved by the siz-
ing bath is sufficient to accommodate drawing of the
filaments, e.g., with polyamide filaments, the filaments
are drawn in the draw zone in the presence of ambient
air saturated with water vapor, without the application
of additional heat. Otherwise, additional heat may be
applied to the filaments at the squeezing rollers or
shortly thereafter to enable drawing of the filament to
occur in the draw zone, again in the presence of water
vapor-saturated air except, as mentioned, when the
additional heating is by means of application of high
frequency heat energy.

In one embodiment, one of the squeeze rollers may be
utihzed for applying additional heat to the filaments, in
which case, the draw zone begins generally at the nip
point at which the filaments exit the squeezing rollers.
On the other hand, in embodiments wherein other heat-
ing means are provided in the area between the squeez-
ing rollers and the drying roller, the starting point of the
draw zone 1s located intermediate the squeezing rollers
and the drying roller in correspondence to the location
of the additional heating means. By way of example,
additional heated rollers may be provided downstream
of the squeezing mechanism for heating by contact with
the traveling filaments after they have exited the
squeezing mechanism.

Furthermore, it is considered advantageous in em-
bodiments utilizing radiant, high-frequency heat en-
ergy, or heated water vapor heating of the filament
sheet to provide a stretching pin or rod positioned
downstream of the squeezing mechanism in surface
contact with the traveling filaments to provide a de-
fined starting point of the draw zone. If necessary or

“desirable, the stretching pin or rod may be located up-

stream of the additional heating means. It is also possi-
ble to provide other ﬁlament-engaging rods shortly in
advance of the drying roller in the sizing and drawing
system. In any case (except when utlhzmg high fre-
quency heat energy), the ambient air within the draw
zone should be saturated with water vapor beginning at

the starting point of the draw zone, i.e., the point at
which the filament sheet reaches it glass transition or
flow temperature to facilitate permanent elongation.
The moisture content in the ambient air within the
draw zone may be automatically maintained at the de-
sired saturation value by a suitable control system. Op-
tionally, water vapor content within the draw zone may
be controlled by a moisture sensing dewce which reacts
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to saturation and supersaturation of the ambient air, a
regulator operated by the moisture sensing device, a
vapor or steam valve operated by the regulator, and a
vapor injection tube supplied by the valve and commu-
nicating with the draw zone.

In addition to the advantageous results achieved by
the present invention in sizing and drawing polyester
and other yarns which require more elevated draw
temperatures, the present invention also provides unex-
pected advantages in the sizing and drawing of fila-
ments which do not require relatively elevated tempera-
tures in the range of approximately 100° C. for drawing,
e.g., polyamide filaments. More specifically, use of the

method and apparatus of the present invention for

drawing polyamide and other yarns capable of being
drawn at lower temperatures achieves a more rapid
heating of the filaments and higher degrees of elonga-
tion, e.g., considerably greater than 1.6 times, so that
considerably higher filament traveling speeds and, in
turn, higher production rates can be realized.

BRIEF DESCRIPTION OF THE DRAWING

The drawing FIGURE 1s a schematic diagram of a
textile processing system for sizing and drawing multi-
ple textile filaments in the form of a warp sheet accord-
ing to the preferred embodiment of the present method

and apparatus.

DESCRIPTION OF THE PREFIERRED
EMBODIMENT

Referring now to the accompanying drawing, a pre-
ferred embodiment of processing system for sizing and
drawing a warp sheet of textile filaments 1s shown.

Plural individual filaments 2, especially of polyester
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yarn. are delivered in side-by-side relation in the form of 35

a warp sheet, collectively i1dentified by reference nu-
meral 1, from a creel (not shown) supporting multiple
individual filament packages. The warp filaments 2 are
directed through a warp reed 3 and therefrom in penph-
eral contact with a rotatable delivery roller 4 and a
rotatable infeed roller 5 into a sizing trough 7 containing

a quantity of liquid sizing bath 8 through which the full

width of the warp filament sheet 1 passes beneath a
rotatable immersion roller 6 in peripheral contact there- .

40

with. The warp filament sheet 1 travels upwardly out of 45

the sizing bath 8 and between a pair of peripherally
contacting nip rollers forming a filament squeezing
mechanism 9 disposed above the exit side of the sizing
trough 7. The squeezing mechanism 9 serves to extract
a proportion of the liquid sizing from the traveling
filaments 1 and to return the extracted sizing into the
trough 7, leaving the filaments with a predetermined
sizing content. After exiting the squeezing mechanism 9,
the filament sheet 1 travels horizontally through a draw
zone 10 to a rotatable cylinder dryer, designated in its
entirety at 12, from which the filament sheet 1 1s deliv-
ered peripherally about a series of drawoff rolls 13 to a
warp beam 15 for winding thereabout.

The filament sheet 1 is heated as it travels through the
draw zone 10, preferably within an entrance region 16
thereof, by means of an auxiltary heater 17, e.g., a radi-
ant heating device, which is adapted to elevate the
filament temperature to approximately 100° C., prefera-
bly in the range of about 90° to 100° C. At the same
time, the ambient air within the entrance region 16 and
along the remaining length and width of the draw zone
10 is saturated with water vapor. For example, the draw
zone 10 may be substantially enclosed by a housing into
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which steam or water vapor is injected through a vapor
injection tube 18 supplied by a valve 19 the opening and
closing of which ts operated by a regulator 20 con-
trolled by a moisture sensing device 21 disposed within
the draw zone housing.

Alternatively, additional heating of the filament sheet
1 beyond the temperature achieved by passage through
the sizing bath 8 may be accomplished by the applica-
tion of high frequency heat energy within the draw
zone housing or by the injection of heated water vapor
through the injection tube 18. In the latter instance, no
additional heating device or apparatus 17 would be
required, the heated water vapor being sufficient alone
to further elevate the temperature of the filaments 2.
Likewise, an additional heating device or apparatus 17
can be eliminated from the entrance region 16 by incor-
porating heating means in the squeezing mechanism 9.
For example, the lowermost roller 22 of the squeezing
rollers may be heated interiorly or otherwise incorpo-
rate appropriate means for thermal heating for applica-
tion of heat to the traveling filaments as they pass
through the squeezing mechanism 9. In this embodi-
ment, therefore, the squeezing mechanism 9 forms a
part of the entrance region 16 of the draw zone 10.

After draw stretching of the filament sheet 1 in the
draw zone 10 and, as applicable, additional heating of
the filament sheet 1, the filament sheet 1 passes over
rods 11 which can be arranged to subdivide the filament
sheet 1, as shown, and then travels peripherally about a
cylinder drying apparatus 12 consisting of a plurality of
individual heated cylinders 23 about which the filament
sheet 1 travels in a sinuous path. Preferably, the fila-
ments are heated by the cylinder drying apparatus 12 to
a temperature in the range of approximately 120° C. to
dry the filaments and at the same time heat set them in
their drawn elongated stated, after which the filaments
may be permitted to relax.

In the specific preferred embodiment illustrated, the
delivery roller arrangement 4 and/or the squeezing
mechanism 9 serve a braking function on the filaments 2
tending to retard their travel through the draw zone 10
and, in particular within the entrance zone 16, in opposi-
tion to the counterforce exerted on the filaments 2 by
the driven cylinder drying apparatus 12. More particu- -
larly the nip rolls of the squeezing apparatus 9 are posi-
tively driven by a drive motor or other drive mecha-
nism 24 and, similarly, the individual drying cylinders
23 of the cylinder drying apparatus 12 are driven posi-
tively by a drive motor or other drive mechanism 28 at
a sufficiently greater peripheral surface speed than the
surface speed of the squeezing rollers of the squeezing
mechanism 9 to produce a corresponding desired draw
ratio. Thus, the desired degree of draw stretching of the
filament sheet 1 may be smoothly adjusted by means of
a control device 26 operatively connected to the drives
24, 25 for adjustably controlling their respective driving
speeds. In this manner, the surface speed of the squeez-
ing rollers 9 delivers the warp filament sheet 1 at a
relatively lower traveling speed corresponding to the
traveling speed of the filaments during the application
of sizing within the sizing bath 8, whereas the driven
surface speed of the drying cylinders 23 is set to corre-
spond essentially identically to the winding take-up
speed of the warp beam 15.

It 1s additionally possible to utilize the delivery roller
4 and the take-up rollers 13 either alone or in addition to
the squeezing mechanism 9 and the cylinder drying
apparatus 12 for drawing of the filament sheet 1. In such
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cases, the delivery and take-up rollers 4, 13 are driven
via respective drive motors or drive mechanisms 27, 28
also or alternatively regulated by the control device 26.
The drive of the delivery roller 4 may therefore be
arranged 1n combination or operative association with
the drive for the squeezing mechanism 9, while simi-
larly the drives for the cylinder drying apparatus 12 and
the take-up rollers 13 are combined or operatively asso-
ciated. It may also be advantageous to arrange the de-
livery roller 4 and the squeezing mechanism 9 as well as
the cylinder drying apparatus 12 and the take-up rollers
13 1n a predetermined spatial relationship to one another
to further optimize drawing of the filaments.

It will therefore be readily understood by those per-
sons skilled in the art that the present invention is sus-
ceptible of a broad utility and application. Many em-
bodiments and adaptations of the present invention
other than those herein described, as well as many vari-
ations, modifications and equivalent arrangements will
be apparent from or reasonable suggested by the present
invention and the foregoing description thereof, with-
out departing from the substance or scope of the present
invention. Accordingly, while the present invention has
been described herein in detail in relation to its pre-
ferred embodiment, it 1s to be understood that this dis-
closure is only illustrative and exemplary of the present
invention and is made merely for purposes of providing
a full and enabling disclosure of the invention. The
foregoing disclosure 1s not intended or to be construed
to limit the present invention or otherwise to exclude
any such other embodiments, adaptations, variations,
modifications and equivalent arrangements, the present
invention being limited only by the claims appended
hereto and the equivalents thereof.

I claim:

1. A method of sizing and drawing a textile filament
comprising the steps of conveying the filament succes-
sively through a sizing bath, a driven filament squeezing
means, a driven drying roller at a downstream spacing
from said squeezing means defining a draw zone there-
betwen, and a winding means, while controlling the
relative driven speeds of said squeezing means and said
drying roller for drawing of the filament in said draw
zone, wherein the improvement comprises maintaining
the filament in a predetermined moistened condition
and at a predetermined drawing temperature in the
range of approximately 100° C., without drying of the
filament and without removal of sizing therefrom, while
traveling within said draw zone.

2. A method of sizing and drawing a textile filament

according to claim 1 and further compnising heating the

filament downstream of said sizing bath.

3. A method of sizing and drawing, a textile filament
according to claim 2 and further comprising heating the
filament at said squeezing means.
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4. A method of sizing and drawing a textile filament
according to claim 2 and further comprising heating the
filament within said draw zone. -

5. A method of sizing and drawing a textile filament
according to claim 1 and further comprising developing
a predetermined airborne water vapor content in said
draw zone.

6. A method of sizing and drawing a textile filament
according to claim 1 and further comprising heating the
filament by applying high frequency heat energy
thereto.

7. An apparatus for sizing and drawing a traveling
filament comprising, in succession, a sizing bath, a
driven filament squeezing means, a driven drying roller
at a downstream spacing from said squeezing means
defining a draw zone therebetween, and a winding
means, and means for controlling the relative driven
speeds of said squeezing means and said drying roller

for drawing of the filament in said draw zone, wherein

the improvement comprises means for maintaining the
filament in a predetermined moistened condition and at
a predetermined temperature in the range of approxi-

‘mately 100° C., without drying of the filament and with-

out removal of sizing therefrom, while traveling within
said draw zone.

8. An apparatus for sizing and drawing a traveling
filament according to claim 7 and further comprising
means for heating the filament downstream of said siz-
ing bath.

9. An apparatus for sizing and drawing, a traveling
filament according to claim 8 and wherein said squeez-
ing means includes said heating means.

10. An apparatus for sizing and drawing a traveling
filament according to claim 8 and wherein said heating
means comprises a radiant heating means disposed in
said draw zone.

11. An apparatus for sizing and drawing a traveling
filament according to claim 8 and wherein said heating
means comprises means for generating high frequency
heat energy.

12. An apparatus for sizing and drawing a traveling
filament according to claim 8 and wherein said heating
means comprises means for developing a predetermined
airborne water vapor content in said draw zone.

13. An apparatus for sizing and drawing a traveling
filament according to claim 7 and wherein said means
for maintaining the filament in a predetermined moist-
ened condition comprises means for maintaining a pre-
determined airborne water vapor content in said draw
Zone.

14. An apparatus for sizing and drawing a traveling
filament according to claim 13 and wherein said water
vapor maintaining means comprises means for measur-
ing water vapor content in said draw zone and means
for variable delivery of water vapor into. said draw
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